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. Relevance of the problem™
= Reviewing the evidence

Il. Challenges and ideas
" Purpose of the research

Ill. Research design
= (ase study

= Three-step approach for decision-making in eucalyptus
forest

IV. Outcomes analyses
= Results & Discussion

V. Considerations
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|. BACKGROUND

7\
d The management of sustaining forest ecological base, in a changing
socio-economic, demographic and political context is a challenge...

N

O Understanding wildfire behavior first at stand-level and landscape-level is
critical to address wildfire impacts in Portuguese forest management planning

O Preventive silviculture management is a dynamic instrument needing
knowledge about the localization of the critical points to address
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l. EVIDENCE | Forest fires

 Burned area of central Portugal
(red = more severity)

. ! ’?.' .‘v.;‘v"‘/'“.§~‘“;l!""".;;“'- 4 By ! '\J
The fires have left deep wounds in
the tight knit agricultural
communities of central Portugal

A total of 150 thousand hectares
¢
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Photo: GOIS, Portugal | August 2017 EFFIS| Screen Shot 2017-08-26




|. EVIDENCE | Forest fires
| Pedrogao Grande

he future may hold if changes

Iand climate and economies
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l. EVIDENCE | Forest fires

Hotspots (MODIS)
detected by JRC-EFFIS
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l. EVIDENCE | Forest fires

-

FARCELIEWR TSN ot ]
O Burnt areas manoed in EFFIS * The a.rea burne.d.ln the EU this
PP year is half a million hectares

: 2008 - 2016 Average Burnt Areas : 2017 Burnt Areas
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W Portugal with 200,000 ha represents 40% of the total!

*EFFIS, August 17



l. EVIDENCE | Forest fires

)3

We can lower fire risk and
FACTORES METEROLOGICOS Wildfire damage by

“ * removing or reducing

fuels in strategic
Weather conditions

locations...

10



[I. CHALLENGES AND IDEAS
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RESOURCE COMMUNICATION OPEN ACCESS

Temporal optimisation of fuel treatment design in blue gum
(Eucalyptus globulus) plantations

Ana Martin', Brizite Botequuim®®, Tiago M. Olivewra’, Alan Ager', Francesco Puroth’
! Susrainable Forest Management Research Insritute University of Falladolid-INT4, Avde de Madrid 44, 3004 Paiencia, Spain. * Cento de
Eztudos Florastais {CEF), Instituto Supericr de Agrancmia, Universidade de Lishoa (UL). Ediffcia Marfo de Azavedo Gomar Tapada
da Ajuda, n's, 1349 - 017, Lishoa, Portugal. * The Navigator Campany, Forest Protection Deparmens, Apartade 55, 1961-86] Serabal,
Pormugal. *USDA Forest Service, Rocky Mountain Research. 5775 Highway 10 West, Mizsoula, MT 59508 US4,  * Universita degli Studi df
Padova, Dipartimente Territorio ¢ Sistemi Agro-forestaii. Fiale dell Universita, 14, 35020, Padova, faly

Abstract

Aim gf study: This study was conducted to support fire and forest ing in encalypt i based on eco-
nomic, ecological and fire prevention criteria, with a focus on sirategic prioritisation of fuel reatments over dme. The ceniral objec-
tive was to srategically locate fuel treamments to minimise losses from wildfire while meeting budget constraints and demands for
wood supply for the pulp industry and conserving carbon.

Areq af study: The smdy area was located in Sema do Socorro (Torres Vedras, Pormgal, covering - 1449 ha) of predominantly
Eucalyprus globulus Labill forests managed for pulpwood by The Mavigator Company.

Material and methods: At each of four temporal stages (2015-2018-2021-2024) we simulated: (1) surface and canopy fuels,
timber volume (m*ha") and carbon storage (Mg ha™'); (2) Sre behaviour characteristics, i.e. rate of spread (m min™'), and flame
length (m), with FlamMap fire modelling software; (3) optimal trestment locations as determined by the Landscape Treatment
Designer (LTD).

Main resuliz: The higher pressure of fire behaviour in the earlier stages of the study period trigzered most of the spatial fuel W h )

i oot asaion 4 vl s ALt sages el et o o s . To el ere to treat
were consistent with observations and simmlation results that show high fire hazard in juvenile sucalypt stands. L

Research highlights: Forest management planning in commercial encalypt plantations can potentizlly accomplish multiple objec-

tives such as ing profits and ining ecological assets while reducing wildfire risk at landscape scale. However, limitations

of simulation models including FlamMap and LTD are important to recognise in stedies of long term wildfire management srategies. )
Eey Encalypt pl ioms; fire hazard; F! fuel optimisation; Landscape Treamment Designer; wildfire en O rea Y
risk mansgement
Citation: Martin A _ Botequim, B., Oliveira, TM., Ager, A, Pirotti, F. (2016). Temporal optimisation of fiuel treatment desizn in
blue gum (Eucalypius g ions. Forest Systems, Volume 25, Issue 2, eRC09. hup:/'dx.doi.org/10.5424/6/2016252 09203,

.
i DS e How should be applied?
Copyright © 2016 INIA. This is an open access article distributed under the terms of the Creative Commons Atribution-Non L4
Commercial (by-nc) Spain 3.0 Licence, which permits unrestricted nse, distribution, and reproduction in any medium, provided the
original work is properdy cited.

B Shape and size?
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[I. CHALLENGES AND IDEAS

) reduce spatial-temporal fire exposure at Iz
objectives to reduce fuel accumulation

J support fire and forest management planning in fast-growing forest

plantations based on economic, ecological and fire prevention
criteria

J A multi-objective planning was performed to strategically locate fuel
treatments :

= to minimise losses from wildfire

= Meeting seasonal budget constraints for prevention activities
= Maximize demands for wood supply for the pulp industry
= maximize demands of carbon storage

b . Q




[Il. RESEARCH DESIGN

_ase study

Fuel cover type

D Eucalyptus boundary
- Eucalytpus plantations
- Shrublands

[ ] Herbs

- Non burnable

- Others

(=174 ha)

0 0,5 1 2 Kilometers

9.24°W 9.23°W 9.22°W 9.21°W 9.20°W

= Eucalyptus globulus forest plantation cultivated for pulpwood by The Navigator
Company - the leading paper company in Europe. 5




[ll. RESEARCH DESIGN

d Four temporal stages ¢
d 2015 (t=0)
d 2018 (t=1)
d  2021(t=2)
O 2024 (t=3)

14



IIl. RESEARCH DESIGN

I. Fuel Dynamic Trends
(Growth and Yield model, surface and canopy fuels)
(Web - Globulus/Globulus 3.0)

II. Fire behaviour metrics (ROS & FL metrics)
(FlamMap)
|

lll. Optimal configurations for fuel treatments
(LTD New version)

15



[Il. RESEARCH DESIGN

I. Fuel Dynamic Trends

/ [omi"m”":?'mm J \

(CBH,CBD,CC DIGITAL MODEL
[FEEE?EYAFE AND FEHGéNTﬁhE ) ﬁ:;EEGT T\L'ITIUDtE_I
BIOMETRIC DATA) '
ESTIMATION CBD AND CBH
(CRUZAVIEGAS 1998;
TOME&SOARES 2001)
OUTPUT FUEL
RISTICS EJHAH&OTEHISTIGSJ
FORMAT FORMAT
CONVERSION CONVERSION

= |dentifying fuel composition and stand conditions at temporal stage
with the assistance of the growth and yield model

16



A. Growth and Yield model

| Simulating stand-level growth

fx | =(25,0669+0,288*$H38)*((B71/(29,0669+0,288%5H$8) ) ~([AT1/AT2)*0,489))

el o [Tl v [ o0 v [ v Imiwul[ ol p [ e[ k[ s [ 7T [ U]
GLOBULUS 3.0

106 M. Tamé, T. Oliveira, P. Soares. O modelo Globuluz 3.0, Publicagdes GIMREF - RC202006, Departamento de Engenharia Florestal, Instituta Superior de &granomia, Lisbs

Tabela de producio constraida com base no modelo Glob - local: Buinta do Pago .
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B. Dynamic fuel population

|dentification fuel model key

= Fuel load characterisation

= Expert knowledge from the mill’s
pulp and paper company

Outputs:
= Fuel model type
= (CCpercentage




C. Fuel dynamic trends




D. Fuel dynamic trends

] Total Biomass (Mg/

Total biomass (Mg/ha)
| 00000t0 - 15,00
| 13m0 .4t
esw
T s s
B rers-siee
| U R

0 05 1 2 Kilometers
B AT ] O A W
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[Il. RESEARCH DESIGN

Il. Fire behaviour metrics

i e )\

INPUTS FIRE [ [
i SIMULATOR |« WEATHER SCENARIOS
EXPORTTOARCGIS | |  (FLAMMAP)

Rl ——
MOISTURE

@ =] =) ]

= Characterizing fire behaviour over time

21




C. Fire Behaviour metrics

Inputs: fire environment fuel& weather& topography

il
L]
LCP fl eo Elevation
. re oo Slope
7o, ’ 240
208 /20, Aspect
2 2
- % o 75 ;“' 00 205 7 s 20 Fuel Model
- 23 3 A e Canopy Cover
" < o, 2) 7" 7 L2 L7y Canopy Height
- % L2 /07 & o /7 Crown Base Height
o Go 20 /7 07 2 i VS
e YT (I i Crown Bulk Density
7% 2 703735 ALY 423414
% /5 "-0 : Q.

(Finney 2003)

= Fuel and canopy cover
= (Canopy characteristics: CBD, CBH
= DTM
» 7% 1-hour fuel moisture content (97th
percentile weather during fire season)
» Wind data-32km/h, Northwest, 320°
azimuth direction
" Fuel custom type

= Fire behaviour metrics

FireGlobulus project January 2015

22



C. Fire Behaviour metrics
| Assessing flame length over time

<3minb)
>3 mina)

Fuel type and fire
hazard associated?

Flame Length (m)
[ 1eucayptus
[ lo-05

I os5-15
53
|___ERU

Bl -

Il 0-2

0 05 1 2 Kilometers
T A O




C. Fire Behaviour metrics
| Assessing rate of spread over time

<14 m/min in c)d)
>14 m/min in a)b)

CC% asociated?

Rate of Spread (m/min)

[ Jo-28
|7 12855
B 55-902
B o214
I -2
I 20-52

[ ] eucaryetus

0 0,5 1 2 Kilometers
[




[Il. RESEARCH DESIGN

lll. Optimal configurations for treatment locati

FIRE BEHAVIOUR CROWN FIRE SURFACE FIRE BF

[ "l

THRESHOLD DATA
OBJECTIVE

Y

.

BEHAVIOUR

INPUTS LTD THRESHOLDS |\ oorenmiALS
CONSTRAINS

r

Y

h

FUEL TREATMENT
OPTIONS

25



D. Optimal levels for fuel treatments

| Input LTD

e Navigator CS strage (Mg/ha \
X | Y | Area Objective 1 Fire behavior
function(s) treatment threshold(s)
t A
/
o
Activity LTD

constraint(s) > program

Total area treated N
. S
(budget constrain=70ha)

prioritization of project areas for fuel treatments

26



D. Optimal levels for fuel treatments

| LTD simulation

Landscape Treatment Designer

[ | viewFieldinfo|  Field weighting |

" IC:\!Ad:— eproj

Input St
Outputs Base Name: | C:\!Activeprojects\idevelopinglinpuits LT Ana Martin\output o |

= Fupl treatment e | e

l l _Mandstory Field Mappings ~Options ~Effects
a O VV C V StandID: |__ FID_1 | % Coordinate: Ixﬁeld j Objective Direction: Il—Ma)cimize 'l Field N
inte . Area: IAREA_ha_lZ vl ¥ Coordinate: Iyﬁeld 'l Max Project Diameter (meters): | -1 =
¥ Aggregate
N\

Area Weight As i =
L= et Objective Search Depth: 1 =

4 % f r th e [ronties and Wian's I Check Availabilty bty Ficld: | |

\developi ,"i’p.llsLT[I_Ma Martin\FID_15_FLCFEPFILROS.shp

ekl m| Type |mm|hmt| St | ™ Check Exclusi Eseclusion Field: I 'l
h I — Vmcls -] 100 1.00 k)
W e _C.15  Treat 1.00 1.00 J 00 Max Number Projects: | % = Add Effect Delete Effect
I Load Objective Steps ¥ Output Solution Images
Iandscape Stem Fils: | | [~ Disable Points file Qutput
[~ Disable Shapefile Output
[T Treatment Effidency

Treatment: Efficiency: Field:

—

Add Objective | Delete Objective |

| 40% Of the area ~Treatment Thresholds - Treat Stands that meet these conditions— | - Constraints - Treat until follawing ints are met
.

1.50 1.00 AREA_ha_12 100.00 100.00 100.00 [™ Enable Subunits

within eucalypt jJzee - = = —
plarjtations A

| | € Single Subunit
Add Threshold | Delete Threshold | Ao Conatnaint | DeleteConsiine | — —

load | saveas | save | run | Cose | Save Archive | Load Archive |

Ager, A.A,; Vaillant, N.M.; McMahan, A. 2013. Restoration of fire in managed forests: a model to prioritize

landscapes and analyze tradeoffs. Ecosphere 4:art29.
27




V. OUTCOMES ANALYSES

|Assessing strategic fuel location - 70 ha

J coordination of treatment to build larg

2015

Ranking of projects
[] eucaryprus
B Project 1 do et
[ Project 1 do not treat

! ' Project 2 do treat

| Project 2 do not treat
[ Project 3 do treat
I Project 3 do not treat
[ Project 4 do treat
| Project 4 do not treat
| Non treated area

28



V. OUTCOMES ANALYSES

|Assessing strategic fuel location - 70 ha

2021

d)

Ranking of projects
[ eucarvprus

I Project 1 do weat
[ Project 1 do not reat
|| Project 2 do reat
|| Project 2 do not treat
[ Project 3 do treat
I Project 3 do not treat
[ Project 4 do veat
[ | Project 4 do not treat
[ | Non treated area

The results were
consistent with
observations and
simulation results
that show high fire
hazard in juvenile
eucalypt stands

ROS and FL
decrease over
time, number of
project decrease

29



V. OUTCOMES ANALYSES

|Assessing strategic fuel location - 70 ha

< Individual and indepel

30



V. OUTCOMES ANALYSES

|Assessing strategic fuel location - 70 ha

0 05 1 2 Kilometers
I T Y

The higher pressure
of fire behaviour in
the earlier stages of
the study period
triggered most of
the spatial fuel
treatments within
eucalypt plantations
in a juvenile stage

Optimazing young
plantations vs
mature stands
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V. OUTCOMES ANALYSES

|Assessing strategic fuel location - 100 ha

d)

Ranking of projects
B Prorct 1 0o veat
[ Progect 1 0o not weat
_ Project 2do veat

Project 2 60 ot reat
| Nonveated aroa
[ evcarerus

2 Kilometers

The number of
available projects
decrease over time
as fire metrics
decreases over
time and do not
surpass thresholds
thus do no trigger
fuel treatments
operations

32



V. OUTCOMES ANALYSES

|Assessing strategic fuel location - 100 ha

0 05 1 2 Kilometers
I T O O

The higher fire
hazards belong to
periods 2015 and
2018

In [ater stages of
the study period
fuel treatments
included juvenile
eucalypts but also
shrublands areas

33
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V. CONSIDERATIONS

v' The time-investing strategies in this work present z ovation for
a optimal fuel prevention management over time, which is an
insight into real-life problems in forest planning.

v The planning methodology might help creating collaborative

opportunities within landowners for accomplishing objectives.
Where should The Navigator Company invest on prevention? Which stands
should be assumed for fire prevention treatment management?

v' Forest management planning in commercial eucalypt plantations
can potentially accomplish multiple objectives such as
augmenting profits and sustaining ecological assets while
reducing wildfire risk at landscape scale.

35
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